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NACA 65-009 ATRFOILS HAVING VARIOUS ASPECT
RATIOS AS DETERMINED BY FLIGHT TESIS
AT SUPERSONIC SPEEDS

By Warren A, Tucker and Roﬁert L. Nelson
SUMMARY

Teosts have boen made at the Pilotless Aircraft Resocarch Test
Station at Wallops Island, Va., to determine the effect of sweep=
back angle and aspect ratio on the drag at supersonic speeds of
wings of NACA 65~009 airfoil section. A previous paper has
presented the results obtained for wings having aspect ratios of 1.5
and 2.7 and sweepback angles of 0°, 34C, U5° and 52°. The present
paper exvends these results to 1ncludo aspect ratios of 3. 8 and 5.0.

For the range of Mach numbers investigated (M = 1.0 %o 1.3),
it was found that the drag coefficient decreased as the sweepback
angle increased, the rate of decrease being somewhat greater for
the larger aspect ratios.

In general, for Mach numbers greater than a value somevhat less
than that at which the Mach line lies along the leading edge, the
drag coefficient decreased with a decrease in aspect ratio. This
effoct of aspect ratio was more in cvidence at tho lower angles of
sweep: at a sweepback angle of 15° the change in drag coefficient
was very small between aspect ratiocs of 1.5 and 5.0,

The results are compared with theoretical calculatlions and
with other experimental data.

INTRODUCTION

To obtain information on the drag of wings at superscnic speeds
a series of tests is being conducted at the Pilotless Aircralt
Research Test Station at Wallops Island, Va., of a series of identical
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rocket~propelled bodios carrying wings of wvarious sweepback angles
and aspect ratios. By subtracting the drag of a wingless body
from the drag of an identlcal body carrying a wing, a measure of
the wing drag is obtained.

The first report of thie investigation (reference 1) presentcd
the results of drag measurements made in this manner on rectangular
and swept-back wings of NACA 65-009 airfoil section Tor aspect
ratios of 1.5 and 2.7. Since the publication of reference 1,
data have been obtained for three additional wings having aspect
ratios up to 5.0. The present paper gives these resulbts.

MODELS AND TESTS

In the present investigation, data were obtained for three wings:
two of aspect ratio 3.8 with sweepback angles of 0° and 34°, and one
of aspect ratio 5.0 with a sweepback angle of 45°, A drawing of the
general model arrangement is shown in figure 1, and photographs of
the models are given in figures 2, 3, and 4. The wings were mounted
on identical rocket-propelled bodies at zero incidence with the
midsemispan guarter-chord point at the center of gravity of the
fully loaded model. The wings had no twist, taper, or dihedral. Tho
WACA 65-009 airfoil sections were normal to the leading edge. The
test bodies were of all wooden construction and were 5 inches in
dlameter and approximately 5 feet long. The bodies were made hollow
to accomodate the propulsion unit, a standard 3.25-inch Mk. 7 air-
craft rocket motor developing about 2200 pounds of thrust for
0.87 second at an ambient preignition temperature of 69° F., Tho
gtabilizing fins were rotated 45° out of the plane of the wings to
minimize the effect of the wing wake on the tail. Data were obtained
for one model of each configuration except the configuration which
carried the wing of aspect ratio 3.8 swept back 34°. TFor this con-
figuration, data were obtained for two identical models.

The experimental data were obtained by launching the model
at an angle of 75° to the horizontal and determining its velocity
along the flight path by the use of conbinuous-wave Doppler Radaxr
(AN/TPS-5). A description of the radar method is given in reference 2.
A typical curve of velocity against flight bime obtained from a
rader record is given in figure 6. The drag data were obtained
by differentiating thet portion of the curve during which the models
were coasting (after the propellant had been oxpended). Drag values,
converted to standard sea-level density, are presented in figure 7
againgt Tlight veloclty for two identical test bodies having wings
of 34° gweepback and 3.8 aspect ratio.- The values of total drag were
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converted Lo corresponding values of totel drag coefficient based
on the exposcd wing plan-form area, which was 200 squere inches

for all models. The aspect ratios were based on the total span and
area, which included the shaded portion shown blanketed by the body
in figure 1. The values of temperature and static presswre used in
caleulating the drag coefficients and Mach numbers wers obtained
from radiosonde observations made at the time of firing. The tests
covered & Mach number range from about 1.00 to ghout 1.35.

RESULTS AND DISCUSSION

The results of the investigation, btogether with comparable
results of refercnce 1, sre given in Tigure 8 as cwrves of total
drag coefficient and wing drag ccefficient against Mach number.
The curves of wing drag coefficient were derived by taking the
difference between tho total drag ccefficient curves of the winged
configurations and that of the sharp-nosged wingless body of reference 3
(this body, which is shown in fig. 5, 1s identical to the bodies used
in the prosent invcstigation)- The wing dveg cosfficients thus
include any possible effccts of interference between wing and fuselage.

The greatest inaccuracies in the present date occur below
Mech numbers of sbout’ 1.0. First, the slope of the velocity-time
cuwrve is sufficiently smeller in this reglon to incur a larger
percentage error in computing accelerations. Second, the rate of
chenge of drag with Mach mumber in the range below M = 1.0 is such
that a small error in Mach number in this region can cause a con-
siderable error in the curve. A study of the ‘available drag data for
which radar records were obtained for two identical models at M < 1
indicates that not a great deel of relience should be placed on the
drag data of the present paper at Mach numbers below 1.0. It is common
to have differences in drag coefficient of ¥10 percent in this reglon.
In the higher Mach number renge, the accuracy is within i3 percent.,
There is promise of obtaining more accurabe low Mach number data from
future tests throigh refinements in instrumentation. ’

The accuracy in velocity measurement has been cstimated to e
well within %1 percent, the largest ervor in this measurement being
that which arises from the very smell curvature of the flight path.
The temperature and pressure measurements obtained by the use of
radiosonde observations hold the accuracy of Mach number to #1 percent.

The deta of the present paper to a certaln extent agree with
the calculations of referencc 4. For example, it is pointed out in
roference 4 that for Mach numbers approaching that at which the

Mech line lies along the leading edge, & wing of low aspect ratio
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should have a lower wave drag than one of high aspect ratio, and
that for a Mach number considerably below this value the effect

of aspect ratio should reversse. This means that Tor a sweepback
angle of 34° and a Mach number of about 1.2, the drag coefficient
would be expected to decrease with decreasing aspect ratio, and that
for scme Mach number apprecisbly less than 1.2 the effect of aspect
ratio on drag coefficient should reverse. The data of fTigure 8

for 34° swecpback tend to follow this theoretically calculated
behavior, a partial reversal occurring at a Mach number of about 1L.05
(the data are not entirely consistent with rogard to reversal). The
curves for the wings of 45° gweepback lie too close to one another
to permit meking any definite statements.

The data of figure 8 (cross=plotted in fig. 9, which also presents

data from other sources to be discussed later) show that the decrease
in drag coefficient with increasing syeepback noted in reference 1
for aspect ratios of 1.5 and 2.7 also holds for an aspesct ratio of 3.8.
The decrease in drag coefficient for a given increase in sweopback
angle seems Lo be somevhat gresater for the higher aspect ratios.
The data also indicate, as did those of reference 1, that the effect
of decreasing the aspect ratio at constant sweopback is generally to
decrease the drag coefficient, and that the magnitude of this effect
at a given Mach number diminishes with increasing sweepback angle

(at a sweepback angle of 45, only negligible changes in drag coef-
vfigient(resultvwhen the aspect.ratio is changed from 5.0 to 1.5).

In figure 9, a comparison is made of the experimental results
presented hereln, and the theoretical calculations of the wave drag
for an isolated G~percent thick biconvex parabolic-arc airfoil based
on the results of reference. b for 34° and 45° sweopback. Also
included are heretofore unpublished theoretical results by the senlor
author of reference It for a wing of 0 gweep, based on the linearized
theory. used in reference 4. The comparison between the thecretical
and experimental drag coefficients of the unswept wings is not
particularly valid since the theoretical reguirement that the bow
wave be attached to the airfoil is not fulfilled by the NACA 65-009 air-
foil. However, the comparison is made for completeness. A comparison
is algo wade with scme results obtained by the freely~falling-~body
technique (reference 5). The agreement bebtween theoretical and
experimental values 1ls falirly good considering that the theory did
not take into account boundary-layer effects and interference effects.
In addition, the theoretical results are for a sharp-nosed parabolic=
-arc profile. The lack of cloge agreement between the results of this
paper and the results of reference 5 1s probably dve in part to the
difference in interference measured by the two methods of testing.
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CONCLUDING REMARKS

. Flight tests %o determine the effect of aspect ratio and sweep=
back on the drag of wings of NACA 65-009 airfoll section were made
at the Pilotless Aircraft Research Test Station at Wallops Island, Va.
For the range of Mach mumbers, aspect ratios, and sweepback angles
investigated, the Tollowing statements can be made!

The drag coefficient decreased as the angle of sweepback increaged.
The rate of decrease was slightly greater for the higher aspect ratios.
In general, for Mach numbers greater than the value at which the Mach
line lies a little ahead of the leading edge, the drag coefficient
decreased with a decrease in aspect ratic. This offect of aspect ratilo
diminished as the sweepback angle was increased, until at an angle
of 45° there were only negligible changes in drag coefficient for
aspect ratios bhetween 1.5 and 5.0.

Thess results substantiate the findings of a previcus similar
investigation, and extend the findings to higher aspect ratiocs.

Tangley Memorial Aeronautical ILaboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Fig. 3
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Fig. 5
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. Figure 5.~ The wingless test body of reference 1.
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